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There has been a substantial increase in the utilization of float systems to
produce tobacco (Nicotiana tabacum) seedlings for transplant by tobacco
producers within the last ten years. In Tennessee alone, 80% of transplants were
produced in the float system in 1999. Pythium species are some of the most
common and destructive root-infecting pathogens of tobacco grown in float
culture. They cause damping-off and root rot of seedlings. Pythium spp. infect
seedlings by motile spores called zoospores. Characteristic symptoms of
Pythium disease are stunting, yellowing and wilting of leaves and severe

reduction of the root system. Besides cultural practices, such as sanitation in and
around float beds, control options are limited. There are no cultivars that are
resistant to Pythium, and until recently, there were no fungicides registered for
control of Pythium diseases in the tobacco float bed system. The objectives of
this research were to investigate various rates, methods of application, and time
of application of the fungicide etridiazole, a rhamnolipid biosurfactant produced
by Pseudomonas aeruginosa, and chitosan, a non-toxic oligomer of P-1,4glucosamine purified from shrimp shells, on Pythium disease of tobacco caused
by P. myriotylum. The specific aims were to determine the effect of these
products on (i) seed germination, (ii) disease severity, (iii) levels of phytotoxicity
to burley tobacco (cv. TN90) seedlings; and (iv) the viability of P. myriotylum after
the treatment. Etridiazole applied in float water at 0.075 and 0.150 g i-1 on the
same day Pythium was inoculated provided the most effective control of Pythium

root rot without compromising plant growth or germination rate . Etridiazole at a

vi

rate of 0.56 g i-1 applied as soil drench on the potting soil surface on the same
day Pythium was inoculated also provided control , and shoot growth was
increased, but root growth was less than etridiazole treatments applied in float
1

water. Incorporation of etridiazole at 0.11 , 0.22 and 0.33 g i- into growth medium
resulted in the lowest seed germination, and phytotoxicity of the seedlings was
noted in some replicates in one of two trials. Application of a rhamnolipid
biosurfactant at 8 and 12 µI i- 1 by soil drench , in float water, and by tray
immersion at 2, or 3 wk after seeding , and at inoculaton of Pythium did not
provide effective control of Pythium root rot. Chitosan was applied in float water
as a solution 24 h before the inoculation of Pythium. Chitosan applied at 400 and
500 µg mr 1 suppressed Pythium root rot in this study. The 500 µg mr 1 treatment
resulted in a lower disease rating than the 400 µg mi-1 treatment, however, there
were no differences in mean shoot and root weight. Disease rating and plant
growth from chitosan at 500 µg mi- 1 were comparable to treatment with 0.15 g i- 1
etridiazole applied to float water. Unlike the fungicide etridiazole, the mechanism
of action of chitosan is primarily induction of plant natural resistance
mechanisms.
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CHAPTER 1
LITERATURE REVIEW
Introduction
Tobacco (Nicotiana tabacum L.) producers increasingly are using float
cu lture for production of transplants. About 85% of tobacco seedlings produced
in Kentucky and 80% in Tennessee were produced in a float system in 1999. In
Tennessee, less than one percent of seedlings were grown in the float system in
1990 (Fowlkes 2000). This system involves direct seeding of tobacco in
Styrofoam flats filled with a peat and vermiculite-based soil-free medium. The
trays then are floated in water-filled beds containing a nutrient solution (Rideout
and Gooden, 1998). Pythium species are among the most common and
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destructive root-infecting pathogens of tobacco grown in float culture (Melton et
al., 1998). Cultural practices, such as sanitation in and around the float bed
decreases disease incidence. However, diseases caused by Pythium spp. are of
particular importance because there are no Pythium resistant cultivars, and, until
a few months ago, there were no fungicides reg istered for use in float culture or
hydroponics systems in the United States (Stanghellini and Rasmussen, 1994).
Although fungicides, such as propamocarb and metalaxyl , provide a high degree
of disease control, field tests have shown that Pythium spp. have developed
strain resistance to some systemic fungicides and can remain resistant for 2.5
years or more after fungicide treatment has ceased (Timmer et al. , 1997;
Nesmith, 2000).

The growing concern over the ability of plant pathogens to develop
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resistance to chemicals, as well as concerns over the environmental
consequences of repeated pesticide applications, has prompted global efforts
toward the search for alternative pest control strategies to replace currently used
products. Biological control strategies using antagonistic microorganisms may
directly or indirectly control targeted pests. Antagonistic microorganisms can
control plant pathogens through competition, hyperparasitism, predation or the
production of extracellular metabolites such as antibiotics (Stanghellini and
Miller, 1997). A microbial metabolite that functions as a surfactant has been
shown to control several zoospore producing organisms, including those
belonging to the genera Pythium and Phytophthora (Stanghellini and
Rasmussen, 1994). Another biological control strategy attempts to stimulate
natural plant disease mechanisms with biotic or abiotic agents. This
phenomenon , often referred to as immunization or induced resistance to plant
pathogens, involves a highly complex host/pathogen relationship. One such
inducing agent is chitosan, a non-toxic oligomer of 13-1,4-glucosamine obtained
from the chitin of crustacean shell wastes (Lafontaine and Benhamou, 1996).
However, the future of biocontrol of soilborne plant pathogens lies in integrated
control systems that combine the use of appropriate commercial inoculants, with
management practices that maintain and enhance the existence of natural
microbial biocontrol systems in the soil (Deacon and Berry, 1993).

The Target Pathogen: Pythium spp.

3

The genus Pythium is in the kingdom Stramenopila, phylum Oomycota, order
Peronosporales, family Pythiaceae (Ulloa and Hanlin, 2000) . This organism was
previously considered to be a fungus, but it has been removed from the kingdom
Mycota. This fungus-like organism produces elongated hyphae composed of
cellulose and glucans, but has no cross-walls. It produces oospores (resting
spores) and zoospores or zoosporangium as the asexual spores (Middleton
1943). Shew and Lucas (1991) indicated that at least 13 species of this
widespread soil inhabitant are tobacco pathogens that can cause damping-off of
seedlings, stem and root rot of young plants or feeder-root necrosis of field
plants. In most species, zoospores have been implicated as the primary, if not
sole, life stage responsible for spreading the pathogen in float or hydroponics
systems (Stanghellini and Miller, 1997; Fortnum et al. , 2000). The biflagellate
zoospores, which are produced in a vesicle, are motile, unicellular, propagative
bodies 3-12 µm in diameter. In the presence of water, they are capable of
swimming for extended periods of time. Zoospores are drawn by chemotactic
mechanisms to a suitable host, which upon they encyst, germinate, orient the

germ tube toward the host, penetrate and infect the host. Under optimal
environmental conditions, these events can occur within five minutes (Jones et
al. , 1991 ; Stanghellini and Rasmussen, 1994 ).

Effects of environmental conditions
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Moisture. Pythium spp. are favored by an aquatic environment where
motile zoospores can spread readily via nutrient solution, especially in float or
hydroponics systems. Environmental conditions within the greenhouse can be
highly conducive to development of the disease.

Temperature. Pythium is most damaging when float-water temperature is
above 20 °C and the pH is above 6.1 (Melton et al., 1998). Optimal temperatures
for growth of Pythium spp. are quite different. For example, optimum production
of P. ultimum Trow var. ultimum sporangia occurs at 24 °C (Nelson and Craft,
1989). Zoospores of P. aphanidermatum (Edson) Fitzp. are formed at 25-30 °C,
and P. myriotylum Drechsler at 20 °C. However, optimum growth temperature for
P. myriotylum is 37 °C, and 35-40 °C for P. aphanidermatum (Van der Plaats-

Niterink, 1981 ). Pythium activity is temperature-sensitive; therefore, it has a
major effect on the pathogenicity and disease incidence of each Pythium
species. Soil temperature has greater effect on disease development than soil
moisture for P. myriotylum (Gay 1969). In hydroponics systems, disease
incidence caused by P. aphanidermatum increased as the nutrient solution
temperature increased above 23 °C (Bates and Stanghellini 1984 ). When the
solution temperature was below 23 °C, P. dissotocum was the dominant
pathogen. They also noted that disease incidence was lowest when the solution
temperature was below 20 °C. Fortnum et al. (2000) indicated that seedling

disease caused by P. myriotylum was correlated with float-water temperature
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and could be described by quadratic equations with the least amount of root
necrosis at 15 °C.

Nutrition. The incidence and severity of disease caused by Pythium does
not depend solely upon the presence of a susceptible host plant and a particular
species of Pythium. Moorman (1997) suggested that varying fertility levels might
partially explain the inconsistent results of biological and chemical control
efforts. In work with geraniums, he reported a gradual increase in root rot
severity as the fertilizer concentration was gradually increased. Nitrate or
ammonia forms of nitrogen (75-100 ppm) should be used for the tobacco float
system and the nitrogen content should be at least twice as high as the
phosphorous content. Urea is not recommended as the nitrogen source for the
float system .

Pythium myriotylum

Until recently, P. aphanidermatum and P. ultimum were the most common
Pythium spp. isolated from tobacco (Shew and Lucas, 1991 ). However, P.
myriotylum, which occurs mainly in warmer regions is increasingly being

reported from tobacco. This fungus-like organism was first reported on tobacco
in Sumatra, in 1925 (Van der Plaats-Niterink, 1981 ), long before the advent of
greenhouse float systems being utilized in temperate regions . Liu (1976) found

that it cause damping-off of tobacco in Taiwan. It was discovered in tobacco
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nurseries in Karnataka, India in 1988 (Devaki et al., 1991 ). The first report on P.
myriotylum in a tobacco seedling float system was in Walterboro, SC, U.S.A. in
1996 (Anderson et al., 1997). The P. myriotylum isolate used in the research for
this report was isolated from tobacco seedlings grown in a float system in
Monroe County, Sweetwater, TN in 1999 (Figures 1-1, 1-2, and 1-3).

Control Measures
Chemical
Etridiazole. Numerous strategies have been developed for the control of
Pythium spp. Chemical fungicides have been the most effective and economic
method of control. The fungicide metalaxyl, which is not registered for use in
tobacco float or hydroponics systems, is an effective fungicide. In a hydroponics
system, root rot of spinach caused by P. aphanidermatum or P. dissotocum was
effectively controlled using metalaxyl at a concentration of less than 10 µg ml" 1
active ingredient in the nutrient solution (Bates and Stanghellini, 1984). Pythium
was not considered a major tobacco disease problem until the float system was

adopted for growing transplants. Since then, many growers have included
unregistered fungicides in the float system to control Pythium root rot. Recently,
due to the increased incidence of Pythium root rot in tobacco transplant-float
systems, the states of North Carolina, Kentucky, Virginia, Tennessee, South
Carolina, and Ohio have approved a Special Local Needs registration for
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Figure 1-1 . Pythium myriotylum cultured in V-8 juice broth at 450x magnification .
Appressoria with protruding infection pegs are indicated by the arrows.
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Figure 1-2. Matured vesicle (indicated by arrow) of Pythium myriotylum
containing zoospores ready to be discharged . The fungal-like organism was
cultured in V-8 juice broth and the magnification is at 400X.
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Figure 1-3. Oogonia
and antheridia of
Pythium myriotylum
cultured in V-8 ju ice
broth at 400x
magnification.

etridiazole (35% 5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole) to prevent and
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control Pythium root rot (John Connell, personal communication). Etridiazole,
which is a soil fungicide and a nitrification inhibitor approved for use on turf
grass to control Pythium, is the first fungicide labeled both for the prevention and
control of Pythium root rot in tobacco seedlings produced in greenhouse and
outdoor float beds (Uniroyal Chemical Press Release, Spring 2000).

Etridiazole controlled Pythium root rot of zinnia (Zinnia violacea Cav.)
(McCain and Byrne, 1966), and had systemic activity against Rhizoctonia so/ani
Kuhn in cotton (AI-Beldawi and Sinclair, 1969). Wu et al. (1983) reported control
of damping-off on tobacco seedlings in Taiwan. Etridiazole also provided
effective control of rhizome rot of ginger caused by P. aphanidermatum
(Ramachandran et al., 1989). However, incorporation of the fungicide into soil or
as a drench on the soil surface did not eradicate Pythium spp. in sugarbeet
(Beta vulgaris L.) (Wheeler et al., 1970).

Synthetic surfactant. Synthetic surfactants are amphipathic molecules

that can modify the properties of a liquid medium by reducing their surface
tension and/or interfacial tension (Desai and Banat, 1997). There are three types
of surfactants: anionic, nonionic and cationic. A synthetic surfactant, which was
developed by Tomlinson and Faithful (1980), has been successful in controlling
zoosporic pathogens in hydroponics systems. They discovered surfactants in the

inert ingredients of a benzimidazole fungicide (Bavistin, BASF) formulation.
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Bavistin exhibited lytic activity against zoospores of O/pidium brassicae and has
effectively controlled this pathogen for more than 16 years without the
development of resistance (Stanghellini and Miller, 1997). Stanghellini and
1

coworkers (1996) reported that 20 µg mr of a nonionic synthetic surfactant
eliminated the spread of zoospores in a recirculating nutrient solution and gave
100% control of root rot caused by P. aphanidermatum on cucumber ( Cucumia

sativus L. ). The lytic effect on zoospores varies with the particular surfactant and
its concentration. There is apparently little or no effect on the life cycle stages of
the pathogen that have a cell wall (sporangia, encysted zoospores, and hyphae).

Biocontrol
Biosurfactant. Biosurfactants are a structurally diverse group of surfaceactive molecules synthesized by a variety of microorganisms. Biosurfactant
activities are determined by measuring changes in surface and interfacial
tensions, the stabilization or destabilization of emulsions and the hydrophiliclipophilic balance. Critical micelle concentration is a measure of the solubility of
the surfactant within an aqueous phase and is commonly used to determine the
potential efficacy of a surfactant (Cooper et al., 1981 ).

Most of the research on biosurfactants has focused on finding a more
effective agent for a given application, for example, bioremediation of

contaminated soil that can be recovered less expensively. The production of a
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specific biosurfactant is generally associated with a specific microbial genus.
Stanghellini and Miller (1997) suggested that the potential roles of biosurfactants
include: (i) enhancement of bioavailability and biodegradation of slightly soluble
organic carbon sources such as petroleum hydrocarbons; (ii) as an aid in
attachment and detachment of bacteria to surfaces; (iii) antibacterial defense
mechanisms; (iv) as a virulence factor in the pathogenesis of specific
microorganisms in both plants and animals; (v) as an aid in the colonization of
leaf surfaces; and (vi) metal uptake or reduction of metal toxicity.

The best studied of the biosurfactants is a class of glycolipids, the
rhamnolipids, which are produced and secreted by Pseudomonas spp. These
surfactants are usually anionic in nature, and are secreted from the cell during
the late log and stationary phases of growth (Stanghellini and Miller, 1997). Use
of biosurfactant is a potential new strategy to control zoosporic plant pathogens.
The mode of action is the same as for synthetic surfactants. Stanghellini and
1

Miller (1997) found that approximately 25 µg mr of dirhamnolipid biosurfactant
produced by Pseudomonas spp. could cause lysis of P. aphanidermatum or

Phytophthora capsici zoospores in less than one minute in vitro. However, they
reported inconsistent control of Phytophthora capsici by biosurfactant-producing
fluorescent Pseudomonas spp. on pepper in hydroponics systems.

13
Bacillus spp. There are six major classes of biosurfactants: glycolipids,
lipopeptides/lipoproteins, phospholipids, neutral lipids, substituted fatty acids,
and lipopolysaccharides (Jenny and Deltrieu, 1993). Members of the genus
Bacillus, as well as of other genera, produce surfactin, a cyclic lipopeptide.

Surfactin produced by B. subtilis ATCC 21332, lowers the surface tension of
water from 72 to 27 mN/m at concentrations as low as 0.005% (Cooper et al.,
1981 ). Crude surfactin can be isolated by acid precipitation of culture
supernatants, and the purified compounds can be separated by reversed phase
high-pressure liquid chromatography (Jenny et al. , 1991 ).

In addition to surfactin production, isolates of Bacillus subtilis can be
effective biocontrol agents against soilborne and foliar phytopathogens.
Although the complex mechanisms of their antagonistic action are not well
known, their use for biological control of plant diseases is under investigation.
The features that favor the use of Bacillus spp. as biocontrol agents include
production of spores that are resistant to heat, UV light and desiccation. This
durability facilitates simple storage and long shelf life and enhances survival
when added to soil. The drawback of using these antagonistic bacteria has been
inconsistent results between locations and even in different parts of a season in
the same location (Campbell, 1989).

Bacillus subtilis is used as a seed inoculant and has been shown to
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control various diseases in a variety of crops, such as Rhizoctonia solani root rot
in wheat (Triticum aestivum L.) (Merriman et al. , 1974a; Merriman et al. , 1974b},
brown rot of rice (Oryza sativa L.) (Nanda and Gangopadhyay, 1983) and
damping-off of tomato (Asak and Shoda, 1996) and sugarbeet (Dunleavy, 1955).
Isolate A-13 of B. subtilis, or GB03, also known as Kodiak (Gustafson, Dallas,
TX) has provided biological control and plant growth-promotion activity in field
studies on peanut (Arachis hypogaea L.) (Turner and Backman, 1991 }, cotton
(Mahafee and Backman, 1993) and common bean. It is also effective for
protection of cotton against Fusarium spp. and Rhizoctonia (Brannen and
Kenney, 1997).

Antagonistic bacteria offer an alternative to chemical control. Bacillus spp.
produce a wide range of antibiotics and can suppress other tobacco diseases
caused by Rhizoctonia solani and its teleomorph, Thanatephorus cucumeris
(Ownley et al. , 1996) and Alternaria brown spot (Fravel and Spurr, 1977). In a
laboratory assay, Bacillus cereus UW85 induced systemic acquired resistance
are suppressed tobacco seedling damping-off caused by Pythium torulosum, P.
aphanidermatum, and Phytophthora parasitica (Chen et al., 1996). Research by

Hongzhong et al. ( 1999) confirmed that in vitro , B. cereus UW85 suppressed
seedling damping-off and produced the antibiotics zwitterminic A and
kanosamine. These antibiotics suppressed and inhibited germ tube elongation of

P. torulosum in the presence of the tobacco root.
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Chitosan. In recent years, considerable research has been focused on
understanding and developing biotic and abiotic elicitors to induce host plant
resistance against pathogens. One such elicitor, chitosan, is unique in that it not
only activates genes of defense responses in plants but also acts as an inhibitor
of fungal growth (Hadwiger et al. , 1986). This dual effect is a promising
potentially strategy in biocontrol.

Chitosan is a non-toxic oligomer of P-1,4-glucosamine obtained from the
chitin of crustacean shell wastes or from fungal walls by fragmentation and
deacetylation (Hadwiger et al. , 1988). Chitosan is an important structural
component of the cell wall of some plant-pathogenic fungi , especially
Zygomycetes (Bartnicki-Garcia, 1970). Chitosan inhibited the growth of a
number of pathogenic fungi, including root pathogens, except those containing
ch itosan as a major cell wall component, such as the Zygomycetes (Stossel and
Leuba, 1984). The inhibitory activity of chitosan was greater at pH 6.0 (slightly
below its pKa value of 6.2) than at pH 7.5. Leuba and Stossel (1986) reported
that chitosan at pH 5.8 induced massive leakage of proteinaceous and other UVabsorbing materials in Pythium paroecandrum Drechsler. They hypothesized
that the antifungal activity of chitosan was related to its ability to disturb the
fungal plasma membrane.

Chitosan is also known to be a potential elicitor of many plant defense
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responses, including accumulation of chitinase (Mauch et al., 1984) and
phytoalexin (pisatin) in pea pods (Kendra and Hadwiger, 1984), synthesis of
proteinase inhibitors in tomato leaves (Pearce and Ride, 1982), and induction of
callose synthesis in cultured suspension cells and protoplasts of Catharanthus

roseus (L.) G. Don (Kauss et al. , 1989). Treating peanut seeds with chitosan
induced production of cinnamyl alcohol dehydrogenase, glutamate
dehydrogenase, polyphenol oxidase, and peroxidase (Fajardo et al. , 1994).

Extensive research has been done on the activity of chitosan against

Fusarium solani (Mart.) Sacc. Chitosan accumulates within the fungal cell and
prevents growth (Hadwiger and Beckman, 1980; Hadwiger et al. , 1981 ; Kendra
and Hadwiger, 1987; Kendra et al. , 1989). Treatment of susceptible tomato
cultivars with chitosan as a seed inoculant, foliar spray, soil amendment or
applied as a root dressing induced resistance against crown and root rot caused
by Fusarium oxysporum f. sp. radicis-lycopersici (Benhamou and Theriault, 1992;
Benhamou et al. , 1994, LaFontaine and Benhamou, 1996).

Induction of resistance against Fusarium oxysporum on tomato with the
combination of chitosan and Bacillus pumilus strain SE34 suggests that
integrated pest management is a promising step towards biocontrol approaches
(Benhamou et al. , 1998). Amplification of the host structural response was

characterized by a considerable enlargement of the callose-enriched wall
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appositions deposited onto the inner cell wall surface in the epidermis and the
outer cortex. Specific antifungal activity was elicited by formation of abnormal
chitin-enriched deposits between the retracted plasma membrane and the cell
wall (Benhamou et al., 1998).

Krebs and Grumet ( 1993) reported that chitosan treatment of celery
(Apium graveolens L. var. du Ice) that was challenged by Fusarium oxysporum f.

sp. apii resulted in a 20-fold increase in chitinases, including a new acidic
chitinase, as well as an increase in constitutive P-1,3 glucanase activity. In a
study by Bell et al. (1998), pre-plant chitin amendments to soil resulted in
significant reduction in disease incidence and severity of celery plants.
Application of chitosan as a root dip alone did not reduce disease incidence.
However, disease severity was reduced significantly when applied to tolerant
celery. They also noted that chitin amendments to soil increased populations of
actinomycetes and other bacteria in two of the three years. However, soil
amendments of chitin or chitosan treatments of transplants did not reduce soil
populations of F. oxysporum. Chitosan also has an antifungal effect on
postharvest pathogens on strawberries (Fragaria X ananassa Duchesne) (El
Ghaouth et al., 1992a; El Ghaouth et al., 1992b), and against leaf rust caused by
Puccinai arachidis Speg. on Arachis hypogaea L. (Sathiyabama and

Balasubramanian, 1998). Chitosan has antiviral and antiviroid properties, as well

(Chirkov et al. , 1995; Pospieszny, 1997).
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In a hydroponics system, chitosan not only stimulated an array of defense
mechanisms, such as physical barriers and defense enzymes in both the roots
and leaves of cucumber, without affecting normal plant growth, it also adversely
affected the growth of P. aphanidermatum (El Ghaouth et al., 1994). Chitosan
caused fungal cell wall loosening, vacuolation, and in some instances,
protoplasm disintegration, which, in part, explained the limited ability of the
pathogen to colonize root tissue.

Further research is needed to develop effective integrated strategies
against pathogens in float or hydroponics systems. Meeting the challenge for
successful control of soilborne plant pathogens, such as Pythium, requires an
understanding of the intricate array of interactions between the biocontrol agent
and its interactions with the pathogen, the plant, the microbial community, and
the environment.

CHAPTER 2
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EVALUATION OF ETRIDIAZOLE FOR CONTROL OF PYTHIUM
MYRIOTYLUM IN NICOTIANA TABACUM CV.TN90
FLOAT BED SEEDLINGS
Introduction
Pythium spp. are among the most common and destructive root-infecting

pathogens of tobacco grown in float culture (Melton et al., 1998). Damping-off of
tobacco seedlings caused by Pythium spp. in greenhouse float beds can be a
devastating disease for tobacco growers. In many instances, poor germination of
seeds or poor emergence of seedlings is the result of damping-off. Pythium
seldom kills older plants, but they develop root and stem lesions and root rots.
Growth of older plants may be retarded considerably, and their yields may be
reduced drastically (Hendrix and Campbell 1973). The most common species of
Pythium that cause disease of tobacco are P. ultimum, P. aphanidermatum and
P. myriotylum. In recent years, P. myriotylum has become more prominent due to

the increased utilization of float-bed systems to produce seedlings for transplant.
Pythium spp. are most damaging when float water pH and temperature are
above 6.1 and 20 °C, respectively (Melton et al. , 1998). The temperature range

most favorable for disease caused by P. myriotylum is 15 °C to 30 °C (Fortnum et
al. , 2000). Some seedlings infected with P. myriotylum develop root rot, which
results in yellowing and stunting of plants rather than the lethal damping-off and
stem rot. The stem and foliage may appear to be healthy at first, but an

examination of the roots reveals brownish discoloration (necrosis) or a water-
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soaked and mushy appearance, indicating a Pythium infection.

At the inception of this work, there were no fungicides registered for
control of Pythium in float-grown tobacco seedlings in the Southeast. Etridiazole
(35% 5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole, Uniroyal Chemical ,
Middlebury, CT), a turf and ornamental fungicide, is effective for prevention and
control of damping-off, root rot and stem diseases caused by Pythium.

The purpose of the current investigation was to determine (i) the effect of
various concentrations and application methods of etridiazole on tobacco seed
germination and root rot caused by Pythium myriotylum in float grown tobacco
seedlings; (ii) evidence of phytotoxicity caused by etridiazole to tobacco
seedlings; and (iii) the viability of P. myriotylum after etridiazole treatment.

Materials and Methods
Host
Burley tobacco cv. TN90 was planted in Sunshine LPS Plug Mix (Sun Gro
Horticulture, Bellevue, WV) in 24-cell Styrofoam float trays and placed inside
plastic containers (Rubbermaid, Townsend, MA), each containing 2 L of water.
Fertilizer (6.25 g

r1 of 18-18-21

Stern's Miracle-Gro for Tomatoes, Port

Washington, NY) was added to the float water 5 wk after seeding in trial 1 and 2
wk after seeding in trial 2. Trays with seedlings were maintained on wire plant

racks with fluorescent lighting. Tobacco seedlings were inoculated with
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Pythium when the roots were visible on the underside of the Styrofoam float trays

(approximately 4-to-6-wk old).

lnoculum production
Pythium myriotylum, isolated from tobacco seedlings grown in a float

system in Monroe County, TN , was maintained by sub-culturing on V-8 juice agar
(Mitchell , 1978) at 28 °C in darkness. Zoospores were obtained as described by
Mitchell et al. (1986) , as follows . Petri dishes containing 15 ml of V-8 juice broth
were inoculated with eight 6-mm plugs from the margin of a 1-d-old culture on V8 juice agar. The broth was drained from the plates after 24 h incubation at 28 °C
in darkness. The mycelial plugs were washed three times over a 1-h period with
25 ml aliquots of autoclaved buffer (10-4 M 2-(morpholino)-ethanesulfonic acid
(MES) at pH 6.2). After 18-24 h under light (4,000 lux at the level of the cultures),
cultures were washed three times with 25 ml MES and resuspended in 15 ml
MES. Infective zoospores were released from sporangia after incubation for 2-5
h. One Petri dish culture per tray was dispensed into the float water as inoculum.
lnoculum was added at 28 d after seeding for trial 1 and 45 d after seeding for
trial 2.

Treatments

There were 14 treatments (Table 2-1) with 24 observations (plants) per
replicate and four replicates of each treatment. Each replicate consisted of one

Table 2-1 . Treatments applied to float-grown tobacco seedlings.
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Treatment

Rate

Treatment Schedule

Method of Treatment

Etridiazole

0.075 g r 1

At inoculationc

Applied to float water

Etridiazole

0.15 g r 1

At inoculation

Applied to float water

Etridiazole

0.11 g r 1

At seeding

Mixed into potting soil

Etridiazole

0.22 g r 1

At seeding

Mixed into potting soil

Etridiazole

o.33 g r 1

At seeding

Mixed into potting mix

Etridiazole

0.28 g r 1

2 wk after seeding

Applied as soil drenchd

Etridiazole

0.28 g r 1

3 wk after seeding

Applied as soil drench

Etridiazole

0.28 g r 1

At inoculation

Applied as soil drench

Etridiazole

o.56 g r 1

2 wk after seeding

Applied as soil drench

Etridiazole

o.56 g r 1

3 wk after seeding

Applied as soil drench

Etridiazole

o.56 g r 1

At inoculation

Applied as soil drench

Metalaxyl

0.002 ml r 1

At seeding

Applied to float water

Inoculated
control 3
Healthy
controlb
LJntreated control inoculated with Pythium myriotylum.
bUntreated healthy control without Pythium myriotylum.
cApplied on the same day Pythium myriotylum was added 28 and 45 dafter seeding for
trials 1 and 2, respectively.
dApplied as a drench on the potting soil surface.
3

24-cell Styrofoam float tray. The experiment was designed as a randomized
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complete block and was performed twice. In addition to etridiazole, the fungicide
metalaxyl (Ridomil Gold EC, Novartis, Greensboro, NC) was included as a
treatment. Controls included uninoculated, untreated seedlings and inoculated,
untreated seedlings. Metalaxyl (48% (R)-2-((2,6-dimethylphenyl)methoxyacetylamino]-propionic acid methyl ester) is effective in controlling
Pythium but is not registered for use on tobacco seedlings in the float bed

system. All treatments were applied prior to inoculation with Pythium.

Data collection
Germination data were collected several times during the experiment. For trial 1,
stand counts were made 11 (1 Nov}, 20 (10 Nov), 28 (18 Nov), and 41 d (1 Dec
1999) after seeding. For trial 2, stand counts were made 14 (25 Jan), 21 (1 Feb},
28 (8 Feb}, 34 (14 Feb) , and 42 d (22 Feb 2000) after seeding. The first trial was
terminated on 19 Dec 1999 (59 d after planting) and the second trial was
terminated on 18 Mar 2000 (67 d after planting). At the end of the experiments
plants were carefully removed from the float trays and roots washed under
running water to remove potting soil mix. Each plant was rated for disease
severity based on a 0 to 5 scale where 0 = absence of brownish discoloration or
root rot; 1 =trace to 25% ; 2

=26 to 50%; 3 =51

to 75%; 4

=76 to 100%; and 5 =

dead seedling . Fresh shoot and root weights were determined. Plants were
examined for evidence of phytotoxicity (stunting and club-shaped leaves). Six
root samples were randomly selected from each replicate of each treatment and

plated onto PsARP selective medium (Martin, 1992) to determine the presence
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of viable Pythium. Data were analyzed with Proc Mixed and F-protected LSD (P

= 0.05) (SAS Institute, Cary, NC).

Results
Percent seed germination

Since Pythium was added to the disease assays 4 to 6 wk after planting,
differences among treatments in percent seed germination reflect treatment
effects in the absence of disease. In trial 1, there were significant treatment
effects on tobacco seed germination at 11 (P

=0.0003) , 20 (P =0.0016), 28 (P =

0.0264), and 41 d (P = 0.0254) after planting. At 11 dafter planting, percent
seed germination was significantly lower for etridiazole treatments that were
added directly to the growth medium at planting (Table 2-2). There were no
differences in seed germination among the three-etridiazole growth medium
treatments. Although germination rates increased for these treatments over the
next 30 d, they were generally lower than most other treatments. In trial 2 (Table
2-3), there were no significant differences in percent seed germination 14 days
after planting (P = 0.0804), but significant differences were apparent on days 21
(P

=0.0028), 28 (P =0.0001 ), 35 (P =0.0001 ), and 42 (P =0.0001 ). As in trial 1,

treatments that were added to the growth medium had the lowest germination
rates (Table 2-3) . In this trial, treatment which had the highest rate of etridiazole
(0.33 g

r1 ) applied to the growth medium, had the lowest germination rate. In

both trials, the germination rate for the etridiazole treatment, applied to float
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Table 2-2. Effect of etridiazole on percent germination of Nicotiana tabacum cv.
TN90, trial 1. Pythium inoculum was added 28 days after planting (OAP).
Percent germination
Treatment

Rate

Etridiazole

0.075 g r

Etridiazole

o.15gr

Etridiazole

11 OAP

20 OAP

28 OAP

41 OAP

60 beda

70 de

73 ed

76 ed

1

83 a

88 abe

89 ab

90 abe

0.11 g r

1

57 ed

70 de

75 bed

80 bed

Etridiazole

0.22 g r

1

51 d

65 e

69 d

69 d

Etridiazole

o.33 g r

1

57 ed

75 ede

75 bed

82 abed

Etridiazole

0.28 g r

1

81 a

94 a

95 a

95 a

Etridiazole

0.28 9 r 1

71 abe

77 bede

82 abed

83 abe

Etridiazole

0.28 g r

1

77 a

85 abe

89 ab

92 ab

Etridiazole

o.56 g r

1

76 ab

93 a

89 ab

89 abe

Etridiazole

o.56 g r 1

76 ab

82 abed

88 abe

90 abe

Etridiazole

o.56 g r

85 a

91 ab

91 a

93 ab

Metalaxyl

0.002 ml r

78 a

91 ab

91 a

91 ab

84 a

88 abe

92 a

88 abe

77 a

81 abed

81 abed

81 abed

Inoculated

1

1
1

control
Healthy
control
a Within each column, values followed by a common letter are not significantly different
according to an F-LSD at P = 0.05.
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Table 2-3. Effect of etridiazole on percent germination of Nicotiana tabacum cv.
TN90, trial 2. Pythium inoculum was added 45 days after planting (OAP).
Percent germination
Treatment

Rate

14 OAP

21 OAP

28 OAP

35 OAP

42 OAP

Etridiazole

0.075 g

69

77 ab

77 ed

78 ed

81 def

Etridiazole

0.15 g

r1

61

79 ab

80 be

81 bed

83 edef

Etridiazole

0.11 g

r1

48

61 ed

59 e

70 de

74 f

Etridiazole

0.22 g

r1

55

69 bed

68 de

74 d

75 ef

Etridiazole

o.33 g

r1

45

59 d

59 e

61 e

60 g

Etridiazole

0.28 g

r1

67

84 a

90 ab

90 abe

93 abe

Etridiazole

0.28 g

r1

67

79 ab

84 abe

86 abe

89 abed

Etridiazole

0.28 g

r1

55

77 ab

79 bed

81 bed

81 def

Etridiazole

o.56 g

r1

64

82 a

96 a

96 a

97 a

Etridiazole

o.56 g

r1

71

78 ab

82 be

92 ab

94 ab

Etridiazole

o.56 g

r1

73

82 a

81 be

81 bed

84 bede

Metalaxyl

0.002 ml

59

82 a

81 be

81 bed

82 def

66

81 ab

82 be

86 abe

85 bed

54

72 abe

75 ed

80 bed

83 edef

Inoculated

r1

r1

3

control
Healthy
control
3

Within each column, values followed by a common letter or no letter are not significantly
different according to an F-LSD at P = 0.05.

water at 0.075 g

r1 on the same day that Pythium was added, was lower than
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for most other treatments (Tables 2-2, 2-3). Mean germination level was lower for
trial 2 than trial 1.

Phytotoxicity
In trial 1, phytotoxicity (stunting, misshapen leaves) was scattered
primarily among the etridiazole treatments that were applied to growth medium,
but the effects were not observed in all replicates. In trial 2, phytotoxicity was not
observed in any treatment.

Disease assessment
In trial 1, disease pressure was low with a disease rating of 1.9 for the
untreated inoculated control (Fig. 2-1 A). However, there were significant
differences in disease rating (P = 0.0001 ). Incorporation of etridiazole into the
growth medium before seeding resulted in the lowest disease ratings (Fig. 2-1A).
The least effective etridiazole treatments were the 0.28 g
drench at 2, 3, or 4 wk after seeding and the 0.56 g

r1 rate applied as a soil

r1 rate appl ied as a soil

drench 2 wk after planting. Disease rating of plants treated with metalaxyl was
intermediate between the untreated inoculated control and etridiazole growth
medium applications, but not significantly different from either (Fig. 2-1A).

In trial 2 (Fig. 2-2A) , disease pressure was greater with a 2.9 disease
rating for the untreated inoculated control. There were also significant differences

Figure 2-1 . Effect of etridiazole on: (A) disease rating; (8) shoot weight; and
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(C) root weight of tobacco seedlings inoculated with Pythium myriotylum, trial 1.
The treatments were:
Etridiazole at 0.075 g

r1 , applied to float water at inoculation;

Etridiazole at 0.15 g

r1 , applied to float water at inoculation;

Etridiazole at 0.11 g

r1 , mixed into potting soil

Etridiazole at 0.22 g

r1 , mixed into potting soil at seeding;

Etridiazole at 0.33 g

r1 , mixed into potting soil

Etridiazole at 0.28 g

r1 , applied as a soil drench 2 wk after seeding;

Etridiazole at 0.28 g

r1 , applied as a soil drench 3 wk after seeding;

Etridiazole at 0.28 g

r1 , applied as a soil drench at inoculation;

Etridiazole at 0.56 g

r1,

Etridiazole at 0.56 g

r1, applied as a soil drench 3 wk after seeding;

Etridiazole at 0.56 g

r 1, applied as a soil drench at inoculation;

at seeding;

at seeding;

applied as a soil drench 2 wk after seeding;

Metalaxyl (MET), Ridomil Gold EC at 0.002 ml

r1 , applied to float water at

seeding;
Inoculated control (INOC) ; and
Healthy control (HL T).
Pythium inoculum was added 28 dafter seeding. Disease rating was based on a

0 to 5 scale where 0
25%; 2

=absence of brownish discoloration or root rot; 1 =trace to

=26 to 50%; 3 =51

to 75%; 4

=76 to 100%; and 5 =dead seedling. Bars

with the same letter are not significantly different according to an F-LSD at P =
0.05.
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Figure 2-2. Effect of etridiazole on: (A) disease rating; (B) shoot weight; and
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(C) root weight of tobacco seedlings inoculated with Pythium myriotylum, trial 2.
The treatments were:
Etridiazole at 0.075 g r1 , applied to float water at inoculation;
Etridiazole at 0.15 g

r1 , applied to float water at inoculation;

Etridiazole at 0.11 g

r1 , mixed into potting soil at seeding;

Etridiazole at 0.22 g

r1 , mixed into potting soil at seeding;

Etridiazole at 0.33 g

r1,

Etridiazole at 0.28 g

r1 , applied as a soil drench 2 wk after seeding;

Etridiazole at 0.28 g

r1 , applied as a soil drench 3 wk after seeding;

Etridiazole at 0.28 g

r1, applied as a soil drench at inoculation;

Etridiazole at 0.56 g

r1 , applied as a soil drench 2 wk after seeding;

Etridiazole at 0.56 g

r1, applied as a soil drench 3 wk after seeding;

Etridiazole at 0.56 g

r1 , applied as a soil drench at inoculation;

mixed into potting soil at seeding;

Metalaxyl (MET), Ridomil Gold EC at 0.002 ml

r1 , applied to float water at

seeding ;
Inoculated control (INOC); and
Healthy control (HL T).
Pythium inoculum was added 45 d after seeding. Disease rating was based on a
O to 5 scale where O

25%; 2

=absence of brownish discoloration or root rot; 1 =trace to

=26 to 50%; 3 =51 to 75%; 4 =76 to 100%; and 5 =dead seedling. Bars

with the common letter are not significantly different according to an F-LSD at P =
0.05.
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r1 and 0.15 g r1 in float

r1 as a soil drench at inoculation, and 0.22 g r1 and 0.33 g r1 at

planting in growth medium (Fig. 2-2A). Etridiazole treatments applied as a soil
drench at 2 (0.56 g

r1), and 3 wk (0.28 g r1 and 0.56 g r1) after planting were the

least effective in controlling P. myriotylum (Fig. 2-2A).

Fresh shoot and root weight

In trial 1, there were significant differences in shoot weight (P = 0.0027).
Etridiazole at 0.15 g

r1 in float water, etridiazole at 0.22 g r 1 mixed into potting

mix, etridiazole at 0.33 g

r1 mixed into potting mix, metalaxyl, the inoculated

control, and the healthy control had the greatest shoot growth, while etridiazole at
0.075 g

r1 in float water,

etridiazole at 0.11 g

r1 mixed into potting soil,

and all of

the soil drench treatments had the lowest shoot weights (Fig. 2-1 B).

In trial 2, those treatments with the most effective control also had the
highest shoot weight while the remaining treatments were not significantly
different from the inoculated control, which had a shoot weight of 1.6 g (Fig. 22B). There were no differences between shoot weight among metalaxyl and
controls in both trials.

Among the inoculated treatments, plants treated with metalaxyl had the
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greatest root weight (0.47 g) while the inoculated control had a significantly lower
root weight (0.19 g) in trial 1 (Fig. 2-1 C). In this trial, root weight of metalaxyl
and etridiazole at 0.15 g

r1 in float water were not significantly different from the

healthy control. In trial 2, however, etridiazole applied to float water at 0.075 g
and 0.150 g

r1

r1 had 40% greater root weight than the healthy control (Fig. 2-2C).

Recovery of Pythium from inoculated seedlings
In both trials, P. myriotylum was not recovered from the healthy controls.
In trial 1, Pythium was recovered from 75% of plants treated with etridiazole
applied to float water at 0.075 g

r1 , and 100% of all other inoculated treatments.

In trial 2, Pythium was recovered from 100% of all inoculated treatments.

Discussion
Under low disease pressure (trial 1) only the etridiazole treatments applied
to potting mix provided control of Pythium root rot. However, root growth was not
different from the inoculated control. Under moderate to high disease pressure
(trial 2) etridiazole, applied to float water at a rate of 0.075 g

r1 and 0.15 g r1

provided the most effective control of Pythium root rot on tobacco without
compromising plant growth or seed germination. Disease control was equivalent
to that provided by metalaxyl. Both shoot and root growth were significantly
greater than most other treatments. Both of these etridiazole treatments were
applied on the same day Pythium was inoculated in float solution . When

etridiazole was applied as a soil drench at a rate of 0.56 g

r

1

on the same day
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that Pythium was inoculated, control was achieved, and shoot growth was
increased, but root growth was less than etridiazole treatments applied to float
water.

Etridiazole did not inhibit germination of tobacco seed at a rate of 0.56 g

r1

r seeding in both trials. Incorporation of etridiazole at a rate
~rowth medium at seeding resulted in significant inhibition of

)f etridiazole on the tobacco seedlings was inconsistent.
1uld be due to improper mixing of etridiazole into the growth
iatments with etridiazole at 0.11 g
phytotoxic but treatment 0.33 g

r1 and 0.22 g r1 into

r1 was not. When Terrazole

x 0.15 g r1 ) was applied at 1 gal /4 ft2 at seeding and
ing plants (Nichols and Heller, 1980), seedling_emergence
·totoxic symptoms in various cultivars of bedding plants was
oxicity observed for plants treated with 0.075-g

r1

loat water began to appear before the etridiazole was
:icity was probably due to improper rinsing of trays following
Jm hypochlorite. A salt residue became apparent on the
1t held plants with symptoms of phytotoxicity. Etridiazole
10t applied to growth medium were prepared first so there

was no chance of accidentally using growth medium that had etridiazole mixed
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into it when the float water applications were prepared.

Environment has a major effect on the growth of tobacco seedlings and
Pythium disease. The optimal temperature during the first two weeks after
planting should be at least 25 °C (Reed, 1998). In this study, the temperature in
the growth area could not be fully maintained. In trial 1, which was planted in late
October, the temperature was slightly warmer than the second trial, which was
started in January. In trial 1, four weeks after seeding, the plants were ready for
inoculation with P. myriotylum, but in the second trial , tobacco seedlings had to
be grown for six weeks to be large enough for inoculation. Etridiazole is an
immobile compound (Helling et al. , 1974) and was not detected in tomato tissues
after one day, but persisted in soil for five weeks after application (Muller, 1972).
It is not known whether etridiazole can remain in the growth medium or float
water or whether it would decompose after 6 wk. In trial 2, metalaxyl did not
control P. myriotylum as well as in trial 1 with the extended time after treatment,
before the inoculation of Pythium. In trial 2, etridiazole provided better control of
P. myriotylum when it was applied on the same day the inoculum was added.

CHAPTER 3
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EFFECT OF PSEUDOMONAS RHAMNOLIPID BIOSURFACTANT
ON CONTROL OF PYTHIUM MYRIOTYLUM ON
TOBACCO SEEDLINGS
Introduction

Biological strategies are being sought to control various plant pathogens,
especially in hydroponics production. The float system is an efficient way to
produce tobacco seedlings for transplants; however, there are challenges to
maintain healthy plants. Pythium spp. are the most common and destructive rootinfecting pathogens of tobacco grown in float culture (Melton et al., 1998).

The only antagonistic microorganism registered for use in commercial
hydroponic systems is Streptomyces griseoviridis (Mycostop, Kemira Biotech,
Finland). This bacterium is most effective against Fusarium (Stanghellini and
Rasmussen, 1994). Although several fung icides, such as propamocarb and
metalaxyl, might provide a high degree of disease control, they are not registered
for use in hydroponics or float culture in the United States (Stanghellini and
Rasmussen, 1994 ). Furthermore, recent field tests have shown that Pythium
species can develop resistance to systemic fungicides like metalaxyl and can
remain resistant for 2.5 years or more after fungicide treatment has ceased
(Timmer et al. , 1997).

The potential of a biosurfactant for controlling zoosporic plant
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pathogens has been suggested (Stanghellini and Miller, 1997). Biosurfactants
are a structurally diverse group of surface-active molecules synthesized by a
variety of microorganisms. The mode of action is similar to that of synthetic
surfactants. Biosurfactants cause lysis of zoospores by destroying the
permeability of the plasma membrane, wh ich results in a loss of motility and rapid
lysis of the zoospores. Stanghellini and Miller (1997) tested the effect of a
rhamnolipid biosurfactant in vitro on three species of zoosporic plant pathogens,
Pythium aphanidermatum, Phytophthora capsici, and Plasmopara lactucaeradicis. Concentrations of 5 to 30 µI mi- 1 caused cessation of motility and lysis of

the entire zoospore population in less than 1 min. They concluded that the
concentration of biosurfactant needed to cause lysis was a function of both the
sensitivity of the zoospore and the type of rhamnolipid being utilized.

In the present study, rhamnolipid biosurfactant was evaluated for its
potential to control Pythium myriotylum, a zoosporic plant pathogen of Nicotiana
tabacum cv. TN90 in float bed culture. The specific aims were to determine: (i)

the effect of various rates, methods of application, and time of application of a
rhamnolipid biosurfactant on seed germination and root rot caused by P.
myriotylum; (ii) phytotoxicity to burley tobacco seedlings; and (iv) viability of P.
myriotylum from plant roots after the treatment.

Materials and Methods
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Host

Tobacco seedlings (TN 90) were planted in Sunshine LP5 Plug Mix (Sun
Gro Horticulture, Bellevue, WV) in a 24-cell Styrofoam float tray placed inside a
plastic container (Rubbermaid, Townsend, MA) with 2 L of water. Seeds were
planted on 20 Oct 1999 for trial 1 and 10 Jan 2000 for trial 2. Seedlings were
fertilized with 6.25 g i-1 of 18-18-21 Stern's Miracle-Gro for Tomato (Stern's, Port
Washington, NY) 5 wk and 2 wk after seeding in trial 1, and 2, respectively. Trays
with seedlings were maintained on wire plant racks with fluorescent lighting.
Tobacco seedlings were inoculated with Pythium when the roots were visible on
the underside of the Styrofoam float trays (approximately 4-to-6-wk old).

Preparation of inoculum

Pythium myriotylum isolated from tobacco seedlings grown in a

commercial float system at Monroe County, Sweetwater, TN was maintained by
subculturing on V-8 juice agar (Mitchell , 1978) at 28 °C in darkness. Zoospores
were obtained as described by Mitchell et al. (1986), as follows. Petri dishes
containing 15 ml of V-8 juice broth were inoculated with eight 6-mm plugs from
the margin of a 1-day-old culture on V-8 juice agar. The broth was drained from
the plates after incubation for 24 h at 28 °C in darkness. The mycelial plugs were
washed three times over a 1-h period with 25 ml aliquots of autoclaved buffer
(10 4 M 2-(morpholino)-ethanesulfonic acid (MES) at pH 6.2). After 18-24 h under
light (4,000 lux at the level of the cultures), the cultures were washed three times

with 25 ml MES and resuspended in 15 ml MES. Infective zoospores were
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released from the vesicles via sporangia after incubation for 2-5 h. One Petri dish
culture per tray, containing zoospores and mycelium, was dispensed into the
float water as inoculum. This occurred at 29 d (18 Nov 1999) after seeding for
trial 1 and 46 d (25 Feb 2000) after seeding for trial 2.

Treatments
The biosurfactant was a rhamnolipid (JBR-425, 25% solution in water,
Jeneil Biosurfactant, Saukville, WI) . There were 14 disease contro l treatments
(Table 3-1) with 24 observations (plants) per replicate and four replicates of each
treatment. Each replicate consisted of one 24-cell Styrofoam float tray. The
experiment was designed as a randomized complete block, and was performed
twice. The treatments included: 8 and 12 µI

r1 of biosurfactant added to float

water 2- and 3-wk after seeding, and on the same day the inoculum was applied;
immersion of the float tray with the seedlings into solution containing 6, 8, and 12
µI

r1 of biosurfactant for 1 min on the same day that trays were inoculated with P.

myriotylum; and application of 6, 8, and 12 µI

r1 of biosurfactant as a soil drench

on the same day inoculum was applied. An inoculated, untreated control and a
healthy control were included.

Table 3-1 . Biosurfactant treatments applied to float-grown tobacco seedlings.
Treatment

Rate (µI

r1 )

Time of application

Method of application

8

2 wk after seeding

Applied to float water

8

3 wk after seeding

Applied to float water

8

At inoculationd

Applied to float water

12

2 wk after seeding

Mixed into potting soil

12

3 wk after seeding

Mixed into potting soil

12

At inoculation

Mixed into potting mix

6

At inoculation

Applied by immersione

8

At inoculation

Applied by immersion

12

At inoculation

Applied by immersion

6

At inoculation

Applied as soil drenchr

8

At inoculation

Applied as soil drench

12

At inoculation

Applied as soil drench

Inoculated Controlb
Healthy Controlc
8 iosurfactant
bUntreated control inoculated with Pythium myriotylum.
cuntreated healthy control without Pythium myrioty/um.
dThe same day Pythium myriotylum was added; 29 and 46 d after seeding for trials 1
and 2, respectively.
eApplied by immersing the tray with seedlings in float solution for 1 min.
<Applied as a drench on the potting soil surface.
3
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Data collection

Germination data were collected several times during the experiment. For
trial 1, stand counts were made 12 ( 1 Nov), 21 ( 10 Nov), 29 ( 18 Nov), and 42 d
(1 Dec) after seeding. For trial 2, stand counts were made 14 (24 Jan), 21 (31
Jan), 28 (7 Feb), 35 (14 Feb), and 42 d (21 Feb) after seeding. The first trial was
terminated on 16 Dec 1999 (57 dafter planting) and the second trial was
terminated on 19 Mar 2000 (69 d after planting). At the end of the experiments,
plants were carefully removed from the float trays, and the roots were washed
under running water to remove growth medium. Each plant was rated for disease
severity based on a O to 5 scale where O = absence of brownish discoloration or
root rot; 1 = trace to 25%; 2 = 26 to 50%; 3 = 51 to 75%; 4 = 76 to 100%; and 5 =
dead seedling. Fresh shoot and root weight were determined. Plants were
examined for evidence of phytotoxicity (stunting and club-shaped leaves). Six
root samples were randomly selected from each treatment and plated onto
PsARP selective medium (Martin, 1992) to determine the presence of viable
Pythium. Data were analyzed with Proc Mixed and F-protected LSD (P = 0.05)

(SAS Institute, Cary, NC).

Results
Percent seed germination
In trial 1, treatments were applied between 14 and 28 days after seeding.
There were no differences in germination rate among treatments (Table 3-2).
Overall , the germination rate in trial 2 (Table 3-3) was lower than in trial 1

Table 3-2. Effect of rhamnolipid biosurfactant on percent seed germination of
Nicotiana tabacum cv. TN90, trial 1.
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Days after planting
Treatment a

12

21

28

8FW2

95

95

97

8FW3

93

94

92

8FW4

93

94

95

12FW2

95

97

98

12FW3

91

91

92

12FW4

89

91

94

6IS4

90

94

95

8IS4

91

92

88

12IS4

80

84

89

6SO4

91

93

94

8SO4

83

85

86

12SO4

98

99

99

Inoculated controlb

80

89

88

Healthy controf

88

91

92

aThe number at the beginning of each treatment indicates the rate of treatment in µI r1 . The
methods of treatment were: FW float water; IS immersion; and SD soil drench. The number
at the end of each treatment indicates the time of treatment after seeding: 2 = 2 wk; 3 = 3 wk;
and 4 = on the same day Pythium was inoculated. For trial 1, Pythium was inoculated 29 d after
seeding.
bUntreated , inoculated with P. myriotylum.
cUntreated, not inoculated with P. myrioty/um.

=

=

=

Table 3-3. Effect of rhamnolipid biosurfactant on percent seed germination of
Nicotiana tabacum cv. TN90, trial 2.
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Days after planting
Treatment a

14

21

28

35

42

8FW2

66

79

78

80

80

8FW3

76

83

80

81

81

8FW4

85

90

91

93

93

12FW2

64

79

80

79

79

12FW3

78

92

92

91

88

12FW4

67

80

80

82

79

6IS4

80

90

92

90

90

8IS4

79

88

88

86

88

12IS4

66

78

76

77

76

6SD4

67

80

82

84

84

8SD4

66

86

88

89

84

12SD4

68

81

86

88

90

Inoculated control b 75

80

83

80

79

Healthy control c

84

82

82

80

77

aThe number at the beginning of each treatment indicates the rate of treatment in µI r1• The
methods of treatment were: FW = float water; IS= immersion; and SD = soil drench. The
number at the end of each treatment indicates the time of treatment after planting: 2 = 2 wk; 3 =
3 wk; and 4 = on the same day Pythium was inoculated. For trial 2, Pythium was inoculated 46 d
after seeding .
bUntreated, inoculated with P. myriotylum.
cUntreated , not inoculated with P. myriotylum.

probably due to cooler temperatures during the second trial. The biosurfactant
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did not have any significant effect on the germination rate of tobacco seeds
between 14 and 42 days after seeding.

Disease assessment
In both trials, the effect of treatment on disease rating was significant at P
= 0.0001. None of the biosurfactant treatments were effective in controlling
Pythium in either trial (Table 3-4 and 3-5). Most of the biosurfactant treatments

had a negative effect on tobacco disease rating and growth of seedlings. In trial
1, disease pressure was low with a 1.8 disease rating for the inoculated control.
Disease ratings were greater for nine (mean= 2.9) of 12 biosurfactant treatments
(Table 3-4). Among the biosurfactant treatments, 8FW2 and 12FW2 (both
applied to float water 2 wk after planting), and 8S04 (applied as a soil drench on
the same day Pythium was inoculated) had the lowest disease ratings, but were
not different from the inoculated control.

In trial 2, disease pressure was greater with a rating of 2.4 for the
inoculated control (Table 3-5). There were no differences in disease rating
among biosurfactant treatments and the biosurfactant treatments were not
different from the inoculated control.

Table 3-4. Effect of rhamnolipid biosurfactant on disease rating, shoot weight,
and root weight of Nicotiana tabacum cv. TN90 seedlings inoculated with
Pythium myriotylum, trial 1.
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Treatment a

Disease
ratingd

Shoot
weight (g)

Root
weight (g)

8FW2

2.4 abce

0 .99 be

0 .07 d

8FW3

2 .8 ab

0 .76 cd

0 .11 cd

8FW4

3 .0 a

0 .65 def

0 .13 cd

12FW2

2 .3 abc

1.16 b

0.17 be

12FW3

2 .8 ab

0.71 de

0.13 cd

12FW4

2 .7 ab

0.59 def

0.13 cd

6IS4

3 .0 a

0.46 f

0 .09 cd

8IS4

2 .8 ab

0 .51 ef

0 .10 cd

12IS4

2 .8 ab

0.56 def

0 .09 cd

6SO4

3 .0 a

0 .52 def

0 .09 cd

8SO4

2 .2 be

0.66 def

0.11 cd

12SO4

2 .9 a

0 .58 def

0 .09 cd

Inoculated controlb

1.8

C

1.02 b

0 .22 b

Healthy controf

0.0 d

1.44 a

0.44 a

The number at the beginning of each treatment indicates the rate of treatment in µI r1 . The
methods of treatment were : FW = float water; IS= immersion; and SD= soil drench . The
number at the end of each treatment indicates the time of treatment after seeding : 2 = 2 wk; 3 =
3 wk; and 4 = on the same day Pythium was inoculated. For trial 1, Pythium was inoculated 29d
after seeding.
bUntreated , inoculated with P. myriotylum.
cUntreated , not inoculated with P. myriotylum.
dDisease rating index: 0 = no brownish discoloration or root rot; 1= trace to 25%; 2 = 26 to 50% ; 3
= 51 to 75%; 4 = 76-100%; and 5 = dead seedling .
eWrthin each column, values with the same letter are not significantly different according to an
F-LSD at P = 0.05.
8

Table 3-5. Effect of rhamnolipid biosurfactant on disease rating, shoot weight,
and root weight of Nicotiana tabacum cv. TN90 seedlings inoculated with
Pythium myriotylum, trial 2.

Treatmenta

Disease
ratingd

Shoot
weight (g)

Root
weight (g)

8FW2

2.8 ae

1.41 be

0 .17

8FW3

2 .2 a

1.40 be

0 .20

8FW4

2.7 a

1.18

C

0 .16

12FW2

2 .2 a

1.02

C

0 .10

12FW3

2.7 a

1.26

C

0 .09

12FW4

2 .5 a

1.04

C

0 .13

6IS4

2.9 a

1.00

C

0 .09

8IS4

3.0 a

1.23

C

0 .13

12IS4

2 .8 a

1.07

C

0 .12

6SO4

2 .3 a

1.23

C

0.11

8SO4

2 .5 a

1.17

C

0.14

12SO4

2.4 a

0.95

C

0 .08

2.4 a

1.85 b

0.20

0 .0 b

2.41 a

0 .20

Inoculated control
Healthy control c

b
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aThe number at the beginning of each treatment indicates the rate of treatment in µI r1. The
methods of treatment were: FW = float water; IS= immersion; and SD = soil drench. The
number at the end of each treatment indicates the time of treatment after seeding : 2 = 2 wk; 3 =
3 wk; and 4 = on the same day Pythium was inoculated. For trial 1, Pythium was inoculated 29 d
after seeding .
bUntreated , inoculated with P. myriotylum.
cUntreated , not inoculated with P. myriotylum.
dDisease rating index: 0 = no brownish discoloration or root rot; 1= trace to 25% ; 2 = 26 to 50%; 3
= 51 to 75%; 4 = 76-100% ; and 5 = dead seedling .
eWrthin each column , values with the same letter are not significantly different according to an
F-LSD at P = 0.05.

Fresh shoot and root weight
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In trial 1, the effect of treatment was significant for shoot and root weight

(P = 0.0001 ). Plants treated at inoculation (8FW4, 12FW4, 6IS4, 8IS4, 12IS4,
6SO4, and 12SO4) had significantly lower shoot weight than those treated at 2
wk (8FW2, 12FW2), but not than those treated at 3 wk (8FW3, 12FW3). The
inoculated control had a mean shoot weight of 1.02 g and was not different from
treatments 8FW2 and 12FW2 (applied 2 wk after planting). As expected, the
healthy control had the greatest shoot (1.44 g) and root weights (0.44 g). The
inoculated control had a root weight of 0.22 g, which was significantly higher than
all the biosurfactant treatments except 12FW2, which was not different.

In trial 2, there were significant differences in shoot weight (P = 0.0001 ),
but not root weight (P = 0.2669) (Table 3-5) . All biosurfactant treatments had
significantly lower shoot weight than the inoculated control (1 .85 g) with the
exception of 8FW2 and 8FW3, which were not different. The healthy control had
the greatest shoot weight with 2.41 g.

Phytotoxicity
Float grown tobacco seedlings in the presence of different concentrations
of the biosurfactant that were applied at different times after seeding and by
various methods, did not have any apparent symptoms of phytotoxicity during the
course of the experiments even at the highest concentration of 12 ppm.
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Recovery of Pythium
In both trials, Pythium myriotylum was recovered from 100% of the
inoculated seedlings and from none of the healthy controls.

Discussion
In this study, the rhamnolipid biosurfactant had a negative effect on burley
tobacco seedlings inoculated with Pythium myriotylum in the float bed system.
The mode of action of the rhamnolipid biosurfactant is to cause cessation of
motility and lysis of zoospores. Obviously, it is unrealistic to find zoospores as the
sole type of infective propagule in the float system. Pythiaceae has indeterminate
sporangiophore growth (Alexopoulos et al. , 1996). Efforts were made to produce
zoospores of the same age for inoculum, but this was not successful. Therefore,
inoculum applied in both trials included zoospores and mycelium.

The rhamnolipid biosurfactant has a biodegradability rate of >60% within a
28-day test cycle (Jeneil Biosurfactant Product Data). However, those
treatments (8FW4, 12FW4, 6IS4, 8IS4, 12IS4, 6SD4, 8SD4 and 12SD4) applied
on the same day as the Pythium inoculum, did not show any greater control of
Pythium than those treated at 2 wk and 3 wk after seeding.

Throughout the experiment, untreated seedlings inoculated with P.
myriotylum did not exhibit severely suppressed plant growth. The pathogenicity

of P. myriotylum is correlated with float water temperature with optimum

temperature for disease incidence is 28 °C or greater. However, P. myriotylum
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can cause root necrosis at 15 °C. All seedlings that received biosurfactant
treatments responded with significantly reduced shoot growth in both trials
(avg.52%), and reduced root growth (42%) in trial 1. The rhamnolipid
biosurfactant, unlike a lipopeptide biosurfactant is an anionic molecule, and is
characterized as nonpectolytic. Therefore, it should not cause maceration of
plant tissue. Its negative effect on tobacco seedlings requires further
investigation.

In conclusion, further study is required , perhaps with different forms of the
biosurfactant, to fully evaluate the potential of rhamnolipid biosurfactant for
control of Pythium disease of tobacco in float culture.

CHAPTER 4
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EFFECT OF CHITOSAN ON CONTROL OF PYTHIUM
MYRIOTYLUM ROOT ROT OF TOBACCO
SEEDLINGS IN FLOAT CULTURE
Introduction

In the previous two experiments, various rates, methods of application and
time of application for the fungicide etridiazole, and a rhamnolipid biosurfactant,
were evaluated for their efficacy against Pythium myriotylum induced root rot of
tobacco seedlings grown in the float system. Biosurfactant had negative effect on
tobacco seedling growth and was ineffective in reducing root rot. The
biosurfactant, which causes lysis of zoospores, has been targeted for control of
zoosporic pathogens only. Overall, etridiazole at a rate of 0.15 g i-1 promoted
tobacco seedling growth and reduced Pythium root rot. Chemical pesticides have
been, and continue to be the most effective and economic method of control
(Stanghellini & Miller, 1997). Typically, the fungicide metalaxyl is used to control
Pythium diseases in tobacco float beds. However, it is not registered for this

purpose. At the inception of this work, there were no fungicides registered for
control of Pythium in tobacco float beds. Recently, etridiazole received an
emergency registration in several tobacco-producing states in the U.S.A.
However, there is still a demand for effective and alternative disease control
methods to supplement existing disease control strategies in order to avoid
development of fungicide resistance in populations of Pythium spp. and related
pathogens.

In recent years, considerable research has focused on understanding
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and developing biotic and abiotic inducers of host plant resistance. One such
inducer is chitosan, a non-toxic oligomer of p-1 ,4-glucosamine obtained from the
chitin of crustacean shell wastes. Chitosan inhibits fungal growth and activates
important plant defense mechanisms. Chitosan has been reported to cause
suppression of Pythium aphanidermatum on cucumber plants cultivated in
nutrient solutions (El Ghaouth et al. , 1994 ).

No research has been done on the effect of chitosan on Pythium
myriotylum root rot of tobacco seedlings in float culture. The objectives of this

study were to (i) evaluate chitosan for control of root rot of burley tobacco
seedlings caused by P. myriotylum; (ii) compare chitosan to other disease control
products; (iii) evaluate chitosan for phytotoxicity to tobacco seedlings; (iv)
determine the viability of P. myriotylum from tobacco roots after disease control
treatment; and (v) determine the effect of chitosan in vitro on growth of P.
myriotylum.

Materials and Methods
Preparation of chitosan
Chitosan (shrimp shells [9012-76-4], ICN Biomedicals, Inc., Aurora, OH),
was milled to a fine powder with a waring blender, and purified as described by
El Ghaouth et al. (1992). Briefly, purified chitosan was prepared by dissolving
milled chitosan in 0.25N HCI with constant stirring. Undissolved particles were

removed by centrifugation (Sorvall RC-58) for 15 min at 8,000 rpm at 24 °C.
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The viscous solution was neutralized to pH 9.8 with 2.5N NaOH. Precipitated
chitosan was collected by centrifugation, washed extensively with deionized
water to remove salts, vacuum-dried and lyophilized. Purified chitosan was
dissolved in 0.25N HCI, and the pH was adjusted to 5.6 with 2.0N KOH as
needed. The solutions were autoclaved and subsequently dispensed in float
solution to obtain chitosan concentrations of 400 and 500 µg mi- 1 .

Production of pathogen inoculum
Pythium myrioty/um, isolated from tobacco seedlings grown in a float

system in Monroe County, Sweetwater, TN , was maintained by subculturing on
V-8 juice agar (Mitchell, 1978) at 28 °C in darkness. Zoospores were obtained as
described by Mitchell et al. (1986), as follows . Petri dishes containing 15 ml of V8 juice broth were inoculated with eight 6-mm plugs from the margin of a 1-d-old
culture on V-8 juice agar. The broth was drained from the plates after incubation
at 28 °C in darkness for 24 h. The mycelial plugs were washed three times over a
1-h period with 25 ml aliquots of autoclaved buffer (10-4 M 2-(morpholino)ethanesulfonic acid (MES) at pH 6.2). After 18-24 h under light (4,000 lux at the
level of the cultures) , the cultures were washed three times with 25 ml MES and
resuspended in 15 ml MES. Infective zoospores were released from sporangia
after incubation for 2-5 h. One Petri dish culture of P. myriotylum per tray was
dispensed into the float solution as inoculum. In experiment 1, inoculum was
added to float solution on 19 May, 2000, for trial 1, and on 12 Jul, 2000, for trial

2. In both trials, inoculum was added 21 days after seeding. In experiment 2,
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inoculum was added on 25 Oct, 2000, 23 d after seeding.

Host

Burley tobacco cv. TN90 seeds were planted in Sunshine LP5 Plug Mix
(Sun Gro Horticulture, Bellevue, WV) in 24-cell Styrofoam float trays and placed
inside plastic containers (Rubbermaid, Townsend, MA) containing 2 L of water.
Float water was maintained at approximately 100 ppm N with 20-10-20 fertilizer
(Peters Chemical, Hawthorne, NJ) a week after seeding for the duration of the
experiment.

Treatments
Experiment 1. Treatments were applied when the seedlings were 20-d-

old, or 24 h before inoculation with Pythium for both trials. The treatments were:
chitosan at 400 and 500 µg mi-1; rhamnolipid biosurfactant (Jeneil Biosurfactant,
Saukville, WI) at 8 and 12 µI i-1; 0.15 g i- 1 of etridiazole (Terrazole 35WP , Uniroyal
Chemical, Middlebury, CT); and metalaxyl (Ridomil Gold EC , Novartis,
Greensboro, NC) at 0.002 ml i-1 . All treatments were added to float water.
Controls were untreated and inoculated, and untreated uninoculated (Table 4-1 ).
In trial 2, 400 µg mi-1 of chitosan without Pythium was included as a control.
There were four replicates for each treatment with 24 observations (plants) per
replicate. Treatments were arranged in a randomized complete block design.
Treated plants were grown in the greenhouse. In order to prevent precipitation of

Table 4-1 . Treatments applied to float-grown tobacco seedlings 24 h before
inoculation with P. myriotylum.
Treatment

Rate

Chitosan

400 µg

mr1

Chitosan

500 µg

mr 1

400 µg

mr 1

Inoculated controla
Chitosan controlb
Healthy controf
Biosurfactant

8 µI

r1

Biosurfactant

12 µI

r1

Metalaxyl

0.002 ml

Etridiazole

0.15 g

aUntreated and inoculated with P. myriotylum.
bNot inoculated with P. myriotylum. Trial 2 only.
cUntreated and not inoculated with P. myriotylum.

r1

r1
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chitosan, the pH of the float water with chitosan treatments was monitored and
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adjusted within the range of 5.6 to 5.8 with 0.25N HCI or 2.5N NaOH.

Experiment 2. Treatments were applied when the seedlings were 23-dold, or 24 h before inoculation with Pythium. The treatments were: chitosan 400
and 500 µg ml" 1 with float solution pH adjusted to 5.6 to 5.8 before application of
chitosan; chitosan 400 µg mi-1; 0.15 g i-1 of etridiazole (Terrazole 35WP , Uniroyal
Chemical , Middlebury, CT) ; and metalaxyl (Ridomil Gold EC , Novartis,
Greensboro, NC) at 0.002 ml 1"1 . All treatments were added to float solution.
Controls were untreated and inoculated; untreated and inoculated with float
solution pH adjusted to 5.6 to 5.8; and uninoculated healthy control (Table 4-2).
There were three replicates for each treatment with 24 observations (plants) per
replicate. Treatments were arranged in a random ized complete block design. The
experiment was conducted in an environment-controlled growth chamber
(Environmental Growth Chambers, Chagrin, OH).

Data collection
Germination data were collected several times during the experiment.
However, the data are not shown because germination rate was not affected by
the treatments. In experiment 1, the first trial was terminated on 15 Jun, 2000 (48
d after planting), and the second trial was terminated on 27 Jul, 2000 (35 d after
planting). Experiment 2 was terminated on 6 Nov, 2000, 35 dafter planting. At
the end of each trial , plants were carefully removed from the float trays, and roots

Table 4-2. Treatments applied to float-grown tobacco seedlings 24 h before
inoculation with P. myriotylum, experiment 2.
Treatment

Rate

Chitosan

400 µg

mr1

Chitosan - pHa

400 µg

mr1

Chitosan - pHa

500 µg

mr1

Inoculated control - pHab
Inoculated controlb
Healthy controlc
Metalaxyl

0.002 ml

Etridiazole

0.15 g

pH of float solution adjusted to 5.6 to 5.8.
bUntreated and inoculated with P. myriotylum.
cUntreated and not inoculated with P. myriotylum.

r1

r1
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were washed under running water to remove potting soil mix. Each plant was
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rated for disease severity based on a 0 to 5 scale where 0 = absence of brownish
discoloration or root rot; 1 =trace to 25%; 2

=26 to 50%; 3 =51

to 75%; 4

=76

to 100%; and 5 = dead seedling. Fresh shoot and root weights were determined.
Seedlings were examined for evidence of phytotoxicity (stunting and club-shaped
leaves). Six root samples were randomly selected from each replicate of each
treatment and plated onto PsARP selective medium (Martin, 1992) to determine
the presence of viable Pythium. Data were analyzed with Proc Mixed and Fprotected LSD (P = 0.05) (SAS Institute, Cary, NC).

Bioassay for growth of P. myriotylum in chitosan-amended medium
Chitosan solution was added to V-8 juice broth at 400 and 500 µg mi- 1. A 6
mm-plug of P. myriotylum from the edge of a 1-d-old culture on V-8 juice agar
was inoculated onto the chitosan-amended plates. Cultures were incubated in
darkness at 28 °C. Cultures were examined for growth at 24, 48, and 72 h after
inoculation.

Results
Disease assessment
Experiment 1. In trial 1, disease pressure from Pythium was very low with
a disease rating of 1.3 for the inoculated control (Table 4-3). There was no
significant difference in disease rating among any of the disease control

Table 4-3. Effect of float water treatment on disease rating , shoot weight, and
root weight of tobacco seedlings inoculated with P. myriotylum, trial 1.
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Treatment

Rate

Disease
rating c

Shoot
weight (g)

Root
weight (g)

Chitosan

400 µg mr1

1.4 ad

4.54d

0.12

Chitosan

500 µg mr1

1.9 a

4.49 d

0.19 be

Inoculated Control a

1.3 a

5.36 bed

0.19 be

Healthy Control b

0.0 b

6.58 be

0.23 be

C

Biosurfactant

8 µI r 1

1.7 a

4.86 ed

0.16 be

Biosurfactant

12 µI r 1

1.2 a

6.78 ab

0.26 b

Metalaxyl

0.002 ml r 1

1.4 a

6.01 bed

0.26 b

Etridiazole

0.15 g r 1

1.9 a

8.55 a

0.41 a

Untreated and inoculated with P. myriotylum.
bUntreated and not inoculated with P. myriotylum.
cD isease rating was based on a 0-5 scale where 0 = absence of brownish discoloration or root
rot; 1 = trace to 25%; 2 = 26 to 50% ; 3 = 51 to 75%; 4 = 76 to 100%; and 5 = dead seedling .
dWrthin each column , values with the same letter are not significantly different according to an
F-LSD at P = 0.05.

treatments and the inoculated control. However, the effect of treatment was
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significant (P = 0.0011) due to the 0.0 rating of the healthy control.

In trial 2, disease pressure was very high with a rating of 4.0 for the
inoculated control (Fig. 4-1A). The effect of treatment was significant at P =
0.0001 . Chitosan at 400 µg mr1 provided significant control of Pythium with a
disease rating of 1.5. The higher rate of chitosan (500 µg mr1 ) gave even greater
protection with a disease rating 1.1. The fungicide treatments, metalaxyl and
etridiazole, both gave good control of Pythium and disease rating was not
different from the high rate of chitosan (500 µg mr1), but was better than the low
rate of chitosan (400 µg mr1). Neither biosurfactant treatment controlled Pythium
(Fig. 4-2).

Experiment 2. The disease pressure was 3.8 for the inoculated control
with pH adjusted, and was not significantly higher than the inoculated control
(2.4) without pH adjustment (Fig. 4-3A). The disease rating of the inoculated
control with pH adjusted was significantly higher than all disease control
treatments. Chitosan at 400 µg mr1 provided significant control of Pythium with a
disease rating of 1.4. The higher rate of chitosan 500 µg mr1 with pH adjustment
gave good protection against Pythium with a disease rating of 1.6. The fungicide
treatments, metalaxyl and etridiazole, both gave good control of Pythium with
disease ratings that were not different than chitosan treatments. Etridiazole (0.9)
provided better control than chitosan 400 µg mr1 .

Figure 4-1 . Effect of chitosan on: (A) disease rating ; (B) shoot weight; and (C)
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root weight of tobacco seedlings inoculated with Pythium myriotylum, trial 2. The
treatments were applied to float water 24 h before inoculation of Pythium. The
treatments were:
Chitosan (400) at 400 µg mi-1 ;
Chitosan (500) at 500 µg m-1;
Inoculated control (INOC);
Uninoculated chitosan (400-HL T) at 400 µg mi-1;
Healthy control (HLT);
Biosurfactant (8) at 8 µI i-1 ;
Biosurfactant (12) at 12 µI i-1;
Metalaxyl (MET) at 0.002-ml

r1 (Ridomil Gold EC);

and

Etridiazole (ETR) at 0.15-g i-1 (Terrazole 35WP).
Bars with a common letter are not significantly different at P = 0.05 according to
Fisher's protected LSD test. Disease severity was based on Oto 5 scale where 0

=absence of discoloration or root rot; 1 =trace to 25%; 2 =26 to 50% ; 3 =51
75% ; 4

=76 to 100%; and 5 =dead seedling. Plants were inoculated with P.

myriotylum 21 d after seeding.

to
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Figure 4-2 . Effect of disease control treatments for Pythium myriotylum on
tobacco seedlings in float culture 12 days after inoculation , trial 2. The treatments
were : Bio-8 = biosurfactant at 8 µI r 1; Bio-12 = biosurfactant at 12 µI r 1; RG =
metalaxyl at 0.002 ml r 1; T-2 =etridiazole at 0.15 g r 1 ; C-400 =chitosan at 400
µg mr 1 ; C-500 = chitosan at 500 µg mr 1 ; UUC = uninoculated healthy control;
UIC = inoculated control.

Figure 4-3. Effect of chitosan on: (A) disease rating; (8) shoot weight; and (C)
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root weight of tobacco seedlings with float solution at different pH inoculated with
P. myriotylum. The treatments were:

Chitosan (400) at 400 µg mi- 1;
Chitosan (400-pH) at 400 µg mi-1 with 5.6 to 5.8 pH;
Chitosan (500-pH) at 500 µg mi-1 with 5.6 to 5.8 pH;
Inoculated control (INOC-pH) with 5.6 to 5.8 pH ;
Inoculated control (INOC) ;
Healthy control (HLT);
Metalaxyl (MET) at 0.002 ml

r1 (Ridomil Gold EC);

and

Etridiazole (ETR) at 0.15 g i- 1 (Terrazole 35WP).
Bars with a common letter are not significantly different at P = 0.05 according to
Fisher's protected LSD test. Disease severity was based on a Oto 5 scale where

=absence of brownish discoloration or root rot; 1 =trace to 25%; 2 =26 to
50%; 3 =51 to 75%; 4 =76 to 100%; and 5 =dead seedling. Plants were

0

inoculated with P. myriotylum 24 d after seeding. Float solution of treatments with
5.6 to 5.8 pH were adjusted before application of chitosan 24 h before Pythium
inoculation.
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Fresh shoot and root weight
Experiment 1. In trial 1 (Table 4-3), neither of the inoculated chitosan
treatments were significantly different in shoot and root growth from the
inoculated control. Etridiazole-treated plants had greater shoot weight than all
treatments except the high rate of biosurfactant (12 µI

i-1). Etridiazole also

resulted in greater root growth than all other treatments.

In trial 2, shoot and root growths were inversely related to the severity of
root rot (Fig. 4-1 Band 4-1 C). The effect of treatment was significant (P = 0.0001)
for both shoot and root weights. The shoot weights of all of the disease control
treatments were significantly lower than the healthy control. The chitosan control
without added Pythium also had lower shoot weight than the healthy control. The
chitosan treatments, metalaxyl and etridiazole had significantly greater shoot
weight than the inoculated control. The shoot (Fig. 4-1 B) and root weights (Fig. 4•
1C) of the biosurfactant treatments were not different than the inoculated control
and were significantly less than all other disease control treatments. The root
weight of plants treated with either rate of chitosan, metalaxyl, or etridiazole was
significantly greater than the inoculated control and not different than the healthy
control (Fig. 4-1 C).

Experiment 2. Shoot growth of disease control treatments was not
different from the healthy control, but were significantly (P = 0.0042) greater than
the inoculated controls (Fig. 4-38). The root weight of plants treated with chitosan

were not different from each other, but chitosan 400 µg mi-1 with pH
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adjustment had greater growth (0.42 g) (Fig. 4-3C). Root weights of plants
treated with metalaxyl or etridiazole were not different than plants treated with
400 µg mr1 with pH adjustment.

Phytotoxicity
In both experiments, the chitosan concentrations tested did not result in
any phytotoxic effects on tobacco seedlings. There were no phytotoxicity
symptoms noted for other treatments either.

Recovery of Pythium and Rhizoctonia so/ani from roots
Experiment 1. Pythium myriotylum was isolated from the roots of all
inoculated treatments and neither of the uninoculated controls, in trial 2.
However, in trial 1, besides P. myriotylum, Rhizoctonia solani was isolated
unexpectantly from the roots of most replicates of all the treatments.

Experiment 2. Data for isolation of P. myriotylum from tobacco roots was
not obtained in this experiment.

Effect of chitosan on growth of Pythium
Incorporation of chitosan at both 400 and 500 µg mr 1 into V-8 juice broth
inhibited the growth of Pythium at 24, 48 and 72 h after inoculation (Fig. 4-4).
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san 500 µ
Figure 4-4. Effect of chitosan on growth of Pythium myriotylum cultured in V-8
juice broth after (a) 24 h; (b) 48 h; and (c) 72 h.

Discussion
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Based on the results from experiment 1, trial 1, Rhizoctonia solani has a
negative effect on the pathogenicity of P. myriotylum on tobacco seedlings. In
previous studies, it has been shown that R. solani has an antagonistic
relationship with P. myriotylum in peanut (Garren 1970). The combination of
Pythium and Rhizoctonia inoculum significantly reduced percent damping-off of

peas when compared with Pythium alone, but not with Rhizoctonia alone (Xi et
al. , 1995). The reduction in disease may indicate competition for infection sites,
with the inference that R. solani is more aggressive than Pythium. In this trial ,
Rhizoctonia caused necrosis of the stem at the soil line.

In this study, there was no indication of any negative effect of chitosan
amendment in float solution on burley tobacco seedlings. In other studies,
chitosan suppressed P. aphanidermatum on cucumber plants (El Ghaouth et al.,
1994). Similarly, chitosan suppressed P. myriotylum on tobacco seedlings in float
culture under high disease pressure in this study. High disease pressure was
obtained because the float water temperature ranged from 27 °C to 29 °C for
experiment 1, trial 2, and for experiment 2. Fortnum et al. (2000) indicated that
tobacco seedling root necrosis caused by P. myriotylum was correlated with
float-water temperature. As the float-water temperature increased, the level of
root necrosis also increased. Pythium myriotylum caused major destruction of
lettuce grown in hydroponics when water temperature ranged from 27 to 29 °C
(Stanghellini et al. , 1998). In experiment 2, Pythium was more effective in

causing tobacco root rot when the float solution pH was adjusted to 5.6 to 5.8
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(Fig. 4-3).

In vitro , chitosan inhibited the growth of P. myriotylum with in 24 h after
inoculation at an incubation temperature of 28 °C. The effect of chitosan was less
significant on Pythium after 36 h. Chitosan affected the normal growth of
Pythium by loosening the cell wall. Chitosan has been shown to induce
resistance on different hosts and exhibit antifungal activities. In this study, the
treatments were applied 24 h before addition of Pythium inoculum, wh ich may
have been enough time to induce resistance in the tobacco seedlings. The
mechanisms by which chitosan causes these effects are not fully understand,
although it has been suggested that the polycationic nature of chitosan might be
significant. Chitosan at pH 5.8 (when most amino groups are protonated)
induced massive leakage of UV-absorbing materials in P. paroecandrum (Leuba
and Stossel , 1986; Tieterev et al. , 1996).

The rate of etridiazole applied was shown to enhance root growth of
tobacco seedlings in other experiments reported in this study (Chapter 2, trial 2).
The roots of the seedlings treated with chitosan were not significantly different
from those treated with etridiazole. The disease control effect of chitosan against
Pythium root rot was comparable to that of etridiazole and metalaxyl. However,
unl ike fungicides , chitosan's action on the pathogen is primarily indirect, through
the induction of the plant's natural resistance mechanisms. Based on these

results, chitosan has the potential as an alternative for control of Pythium root
rot of tobacco seedlings in float bed culture.
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SUMMARY
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The focus of this research was to evaluate three control measures for
Pythium root rot of tobacco seedlings in float culture. The effects of various

concentrations, application methods, and time of application for etridiazole, a
fungicide , and a rhamnolipid biosurfactant, an agent targeted for zoosporic
' athogens, were evaluated. Etridiazole at a rate of 0.15 g i-1 applied in float water
at the time of Pythium inoculation provided effective control of Pythium
myriotylum root rot of tobacco seedlings. Incorporation of etridiazole at 0.11 ,

0.22 and 0.33 g i- 1 into growth medium resulted in the lowest seed germination.
However, phytotoxicity was observed for some replicates of these treatments in
one of two trials. Application of etridazole by soil drench at 0.56 g i-1 at the time of
inoculation also provided control of Pythium, but was not as effective as the 0.15
g i-1 application in float water. Biosurfactant application by soil drench, immersion,
and into float water did not control Pythium root rot of tobacco seedlings.
Chitosan, a non-toxic oligomer of P-1 ,4-glucosamine at 400 and 500 µg mi- 1
applied 24 h before application of P. myriotylum in float water gave good
protection against Pythium root rot when pH of the float solution was 5.6 to 5.8.
The disease control provided by chitosan against Pythium root rot was
comparable to that of etridiazole.
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